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(57) Abstract 

A restriction (74) in a restricted vessel 
j (80) lying closely proximate the heart (20) 
is bypassed. An aperture is formed in a 
supply vessel (62) suitable for providing a-blood 
supply. An aperture is formed in the restricted 
vessel (80) distal of the restriction (74). Heart 
| tissue is removed from the surface of the heart 
(20) to form a channel (93) in the heart tissue 
, between the aperture in the supply vessel (62) 
and the aperture in the restricted vessel (80) 
I distal of the restriction (74). The channel (93) is 
covered to form a conduit to conduct blood from 
the supply vessel (62) to the restricted vessel 
(80) distal of the restriction (74). 
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PERCUTANEOUS ARTERY TO ARTERY BYPASS USING 
HEART TISSUE AS A PORTION OF A BYPASS 

CONDUIT 

BACKGROUND OF THE INVENTION 
5 . The present invention generally deals with 

vascular bypass methods. More specifically, the present 
invention deals with systems for performing percutaneous 
coronary artery bypass procedures . 

Coronary arteries can become partially 
10 restricted (stenotic) or completely clogged (occluded) 
with plaque, thrombus, or the like. This reduces the 
efficiency of the heart, and can ultimately lead to a 
heart attack. Thus, a number of different systems and 
methods have been developed for treating stenotic or 
15 occluded coronary arteries. 

Two methods which have been developed to treat 
occlusions and stenosis include balloon angioplasty and 
pharmacological treatment. However, where the occlusion 
is quite hard, it can be quite difficult, if not 
20 impossible, to cross the occlusion with an angioplasty 
device. In addition, some coronary stenosis are too 
diffuse to treat effectively with balloon angioplasty. 
Unfortunately, such occlusions are not readily 
susceptible to dissolution with chemicals either. In 
25 the past, patients with these types of occlusions have 
been candidates for open heart surgery to bypass the 
restrictions . 

However, open heart surgery includes a myriad 
of disadvantages . Open heart surgery typically includes 
30 a great deal of postoperative pain. The pain is 
normally encountered because conventional open heart 
surgery requires that the sternum be cracked open, which 
is quite painful. Also, open heart surgery typically 
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involves bypassing the occluded vessel, which, in turn, 
involves harvesting a vein from another part of the body 
for use as the bypass graft. One common source for the 
bypass graft is the saphenous vein which is removed from 
5 the" leg. Harvesting the saphenous vein requires the 
surgeon to cut and peel the skin back from an area of 
the leg which is approximately 18 inches long and which 
extends upward to the groin area. This can be very 
-traumatic and painful. Also, the internal mammary 
10 artery (IMA) has also been used as a vein graft in 
performing a bypass. However, the IMA is typically best 
suited for use as a left anterior descending (LAD) graft 
and is commonly saved for that purpose. Further, open 
heart surgery requires quite a lengthy recovery period 
15 which involves an increased hospital stay, and, 
consequently, greater expense. 

Other than the pain and more lengthy hospital 
stay, open heart surgery involves other disadvantages as 
well. For example, during open heart surgery, it is 
20 common to cool the heart to a point where it stops. The 
blood from the remainder of the vasculature is then 
pumped through a pulmonary and cardiac bypass system. 
Any time the heart is stopped, there is a danger of 
encountering difficulty in restarting the heart (which 
25 is typically accomplished by warming the heart and 
massaging it) . Further, even if the heart is restarted, 
it sometimes does not return to a correct rhythm. Also, 
open heart surgery can require the use of a device known 
as a left ventricular assist device (LVAD) to 
30 supplementarily pump blood to relieve the burden on the 
heart. This allows the heart to heal. 

A significant reason that the heart is 
typically stopped during open heart surgery is that, if 
it were not stopped, the surgeon would be working in a 



WO 98/57590 



PCT/US98/12051 



dynamic environment. In such an environment, the target 
vessels and tissue to be treated are moving. Further, 
a system must be employed in such an environment to stop 
bleeding. Clinical studies indicate that, when blood 
5 flow is stopped using clamping devices and blood flow is 
diverted to a cardiac bypass system, a statistically 
significant instance of neurological problems caused by 
blood clotting results. The use of mechanical clamps to 
stop blood flow, and the use of a mechanical bypass 
10 system, results in an approximate six percent instance 
of neurological problems, such as stroke, memory 
failure, etc. 

Given the difficulties of the techniques 
discussed above, another approach has been developed 
15 which does not require stoppage of the heart or an open 
chest during execution. This approach is to perform- a 
bypass using a minimally invasive technique by entering 
the upper chest cavity, through a hole between ribs 
under visual observation. Such a technique is often 
2 0 referred to as minimally invasive direct coronary artery 
bypass (MIDCAB) (where the heart is not stopped) or 
heart port (where the heart is stopped) . Such a system 
which is used to perform a bypass is disclosed in the 
Sterman et al. U.S. Patent No. 5,452,733. 
25 SUMMARY OF THE INVENTION 

A restriction in a restricted vessel lying 
closely proximate the heart is bypassed. An aperture is 
formed in a supply vessel suitable for providing a blood 
supply. An aperture is formed in the restricted vessel 
30 distal of the restriction. Heart tissue is removed from 
the surface of the heart to form a channel in the heart 
tissue between the aperture in the supply vessel and the 
aperture in the restricted vessel distal of the 
restriction. The channel is covered to form a conduit 
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to conduct blood from the supply vessel to the 
restricted vessel distal of the restriction. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates a partial sectional view of 
5 a human heart and its associated proximate vascular 
system with a coronary artery having a restriction. 

FIG. 2 illustrates a view of the heart of FIG. 
1 with the major coronary arteries indicated thereon. 

FIGS. 3-6 illustrate steps in performing a 
10 bypass in accordance with one embodiment of the present 
invention. 

FIG. 7 is an enlarged partial cross- sectional 
view of a portion of the heart shown in FIGS. 1-6. 

FIG. 8 illustrates the cross-section of FIG. 
15 7 with a debulking device forming a channel in the heart 
tissue. 

FIG. 9 illustrates a covering layer deployed 
over the channel formed as shown in FIG. 8. 

FIGS. 10A-10K illustrates a system for 
20 deploying a covering layer in accordance with one aspect 
of the present invention. 

FIG. 11 illustrates alternative embodiments of 
performing" a bypass in accordance with the present 
invention. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBO DIMENTS 

FIG. 1 illustrates a partially sectioned view 
of a human heart 20 , and its associated vasculature. 
The heart 20 is subdivided by muscular septum 22 into 
two lateral halves, which are named respectively right 

30 23 and left 24. A transverse constriction subdivides 
each half of the heart into two cavities, or chambers. 
The upper chambers consist of the left and right atria 
26, 28 which collect blood. The lower chambers consist 
of the left and right ventricles 30, 32 which pump 
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blood. The arrows 34 indicate the direction of blood 
flow through the heart. 

The right atrium 28 communicates with the 
right ventricle 32 by the tricuspid valve 36. The left 
5 atrium 26 communicates with the left ventricle 30 by the 
mitral valve. The right ventricle 32 empties into the 
pulmonary artery 40 by way of the pulmonary valve 42. 
The left ventricle 3 0 empties into the aorta 44 by way 
of the aortic valve 46. 
10 The circulation of the heart 20 consists of 

two components. First is the functional circulation of 
the heart 20, i.e., the blood flow through the heart 20 
from which blood is pumped to the lungs and the body in 
general. Second is the coronary circulation, i.e., the 
15 actual blood supply to the structures and muscles of the 
heart 20 itself. 

The functional circulation of the heart 20 
pumps blood to the body in general, i.e., the systematic 
circulation, and to the lungs for oxygenation, i.e., the 
20 pulmonic and pulmonary circulation. The left side of 
the heart 24 supplies the systemic circulation. The 
right side 23 of the heart supplies the lungs with blood 
for oxygenation. Deoxygenated blood from the systematic 
circulation is returned to the heart 20 and is supplied 
25 to the right atrium 2 8 by the superior and inferior 
venae cavae 48, 50. The heart 20 pumps the deoxygenated 
blood into the lungs for oxygenation by way of the main 
pulmonary artery 40. The main pulmonary artery 40 
separates into the right and left pulmonary arteries, 
3 0 52, 54 which circulates to the right and left lungs, 
respectively. Oxygenated blood returns to the heart 20 
at the left atrium 26 via four pulmonary veins 56 (of 
which two are shown) . The blood then flows to the left 
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ventricle 30 where it is pumped into the aorta 44, which 
supplies the body with oxygenated blood. 

The functional circulation, however, does not 
supply blood to the heart muscle or structures. 
5 Therefore, functional circulation does not supply oxygen 
or nutrients to the heart 20 itself. The actual blood 
supply to the heart structure, i.e., the oxygen and 
nutrient supply, is provided by the coronary circulation 
_of the heart, consisting of coronary arteries, indicated 
10 generally at 58. and cardiac veins. Coronary artery 58 
can have a restriction 74. The coronary artery 58 
includes a proximal arterial bed 76 between the aorta 44 
and the restriction 74. Also, the coronary artery 58 
includes a distal arterial bed 78 downstream from the 

15 restriction 74. 

FIG. 2 shows the main coronary arteries of the 
heart 20. There are two main coronary arteries arising 
from the base of the aorta 44 and running along the 
heart 20 itself. The left main coronary artery 60 
20 bifurcates into a left anterior descending branch 6 2 and 
the left circumflex branch 64 . The left coronary artery 
60 supplies the left atrium 26, gives branches to both 
ventricles^ 30, 32, and numerous small branches to the 
pulmonary artery 40. The right main coronary artery 66 
25 runs along the posterior surface 68 of the heart 20 
where it divides into a transverse branch 70 and a 
descending branch 72. The right coronary artery 66 
supplies blood to the posterior aspect of the left 
ventricle 30. Both coronary arteries include a 
30 plurality of marginal branches, indicated only generally 
in the Figures. Coronary artery 58 is a generalized 
view of the arteries shown in FIG. 2, inasmuch as a 
restriction can occur in any coronary artery. However, 
the present description will proceed illustrating 
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restriction 74 in a branch 80 of the left anterior 
descending branch 62 of left coronary artery 60. 

The present invention bypasses restriction 74 
by forming a channel or trench in the heart tissue 
5 between an unrestricted portion of an artery and a 
portion of branch 80 distal of restriction 74. The 
trench or channel is then covered by a covering layer to 
form a conduit between the supply vessel and the portion 
of branch 80 distal of restriction 74 to supply 
10 additional blood flow to the region of branch 80 distal 
of restriction 74. 

FIG. 3 illustrates a first step in performing 
a bypass in accordance with one preferred embodiment of 
the present invention. A conventional guide catheter 82 
15 is first preferably advanced through the vasculature 
(preferably via a femoral artery) to aorta 44 where it 
is positioned with its distal end proximate the ostium 
of artery 62. Then, cutting device 84 is advanced 
through guide catheter 82 and out the distal end of 
20 guide catheter 82 to a region of vessel 62 proximal of 
restriction 74. In one preferred embodiment, cutting 
device 84 also includes a balloon catheter portion 
suitable for inflating a balloon 86. Balloon 86 is used 
for temporarily occluding vessel 62 during performance 
25 of the bypass. It should also be noted that the balloon 
catheter can be separate from cutting device 84. 

Cutting device 84 is then used to pierce the 
wall of artery 62 proximal of restriction 74. Cutting 
device 84 can be any suitable cutting or debulking 
30 device which is suitable for forming a trench in heart 
tissue, such as a cutting catheter, a fully articulated 
cutting catheter, or any other suitable type of cutting 
or debulking device. It should also be noted, however, 
that cutting device 84 can be any suitable mechanical 
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cutting device, or any suitable sort of energy device, 
such as a radio frequency (RF) ablation wire, or a 
laser, or other device. Cutting device 84 may 
preferably include a tubular or catheter portion 88 and 
5 a boring or cutting member 90. Boring or cutting member 
90 can take any number of suitable forms, such as a 
rotatable member or a blade which can be used in 
piercing and boring through tissue. The cutting device 
_is used to form a hole or aperture in the wall of vessel 
10 62 . 

FIG. 4 illustrates additional steps used in 
performing a bypass in accordance with one embodiment of 
the present invention. For the sake of clarity, FIG. 4 
is a greatly enlarged view of vessel 62 and branch 80. 
15 in the embodiment shown in FIG. 4, restriction 

74 is crossed with a conductive wire or fiber 92. 
Either the conductive wire or fiber 92 residing in the 
area of branch 80 distal of restriction 74, or cutting 
device 84, are provided with a transmitter, and the 
20 other (either the wire or fiber 92 which has been used 
to cross restriction 74 or cutting device 84) is 
provided with a receiver or sensor. In one preferred 
embodiment/ the transmitter includes an array of active 
transmitters comprising one of ultrasound transmitters, 
25 radio frequency transmitters, a plurality of point light 
sources, or a single intense point light source, or an 
electromagnetic transmitter (such as where current is 
actively applied to a coil to induce a magnetic field 
thereabout) . The receiver, or sensor, is a suitable 
30 device which is. compatible with a transmitter so that it 
can receive or sense the signals provided by the 
transmitter. 

For instance, when the transmitter includes an 
inductive magnetic coil, the receiver includes a 
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magnetic sensor array to receive the signals induced in 
the coil. When the transmitter includes an ultrasound 
transmitter, the receiver includes an ultrasound imager 
so that the relative positioning of the receiver device 
5 and the transmitter can be determined. When the 
transmitter includes a single point light source, or an 
array of point light sources, the receiver or sensor 
includes a photodiode array or an imaging fiber optic 
bundle which can detect the light emitted by the light 
10 sources. In addition, when the transmitter includes an 
RF transmitter, the receiver includes a bidirectional 
antenna. Cutting member 90 of cutting device 84 is also 
preferably formed of radio-opaque material or has radio- 
opaque markings thereon. Therefore, when restriction 74 
15 is not a total occlusion, contrast fluid can be injected 
through branch 80 to locate restriction 74. The 
relative position of restriction 74 and cutting device 
84 can then be observed. In another preferred 
embodiment, radio -opaque markers are placed on the 
20 distal end of wire or fiber 92. Bi-plane fluoroscopy is 
then used to perform three dimensional visualization of 
the markers in branch 80 of artery 62 and cutting member 
90 to bring them toward one another. 

In another preferred embodiment, location of 
25 various items within the vasculature is accomplished 
using a triangulation and coordinate mapping system. In 
that embodiment, a radio frequency (RF) emitter is 
placed in the heart, or in the vasculature near the 
heart. The RF emitter is preferably placed on a 
30 catheter or another device, the placement of which must 
be guided. A number of reference electrodes (or 
receivers) are placed on the outside of the body at 
various points on the chest and back. In the preferred 
embodiment, three reference receivers are placed on the 
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exterior of the body, two on the chest on opposite sides 
of the heart and one on the back. The three receivers 
are used to triangulate on the RF transmitter located on • 
the device within the vasculature. Three dimensional 
5 modeling can be used, along with known motion analysis 
techniques to determine the placement and motion of the 
RF transmitter within the vasculature. Such a system 
can be used to obtain true position and the relative 
-positions of different objects in the vasculature. Of 
10 course, a higher frequency signal could also be used, 
and a similar device could be used in which magnetic 
sensing devices are employed. 

In any of the above cases, or similar cases, 
the relative position between the transmitter and 
15 receiver can be determined so that cutting member 90 
cutting device 84 is properly located relative to the 
region of branch 80 distal of restriction 74. 

FIG. 4 illustrates that cutting device 90 has 
pierced through the wall of vessel 62 and formed an 
20 aperture therein, and has begun to debulk (or form a 
channel 93 in) heart tissue 94 proximate the aperture 
which has been formed in the wall of vessel 62. In a 
preferred embodiment, aspiration is provided during the 
cutting or debulking operation to remove severed heart 
25 . tissue pieces. Such aspiration is preferably 

accompanied by saline infusate to flush the area around 
cutting member 90. Aspiration can be provided using any 
suitable known technique, such as an aspiration 
catheter . 

3 0 FIG. 5 illustrates another step in accordance 

with one aspect of one preferred embodiment of the 
present invention. In FIG. 5, cutting or debulking 
device 90 has been advanced to a region adjacent branch 
80 distal of restriction 74. Cutting head 90 is then 
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used to form an aperture in the wall of branch 80 at 
that location. FIG. 5 also illustrates that, in moving 
from the aperture in vessel 62 proximal of restriction 
74, to the location shown in FIG. 5 (just distal of 
5 restriction 74) cutting or debulking head 90 has formed 
open channel (or trench) 93 in the surface of heart 
tissue 94 throughout that entire distance. 

FIG. 6 illustrates additional steps in 
performing a bypass in accordance with one embodiment of 
10 the present invention. FIG. 6 illustrates trench 93 
formed between an aperture in vessel 62 proximal of 
restriction 74, and extending to an aperture in branch 
vessel 80 distal of restriction 74. FIG. 6 also 
illustrates that patch 96 has been deployed over the 
15 entire length of channel 93. Patch 96 acts as a cover 
to channel 93 closing channel 93 to form a conduit 
between the aperture in vessel 62 proximal of 
restriction 74 and the aperture in vessel 8 0 distal of 
restriction 74. This provides a conduit for blood to 
20 flow around restriction 74. 

Patch 96 is preferably formed of a 
biologically compatible material, and maybe a material 
which can act as a substrate for endothelialization. 
Suitable materials for patch 96 include poly (1-lactide) 
25 (PLLA), poly(D,L-lactide) (PLA) , poly (glcolide) (PGA) , 
poly(L-lactide-co-D.L. Lactide) (PLLA/PLA) , poly(L- 
lactide-co-glycolide) (PLA/PGA) , poly (glocolide-co- 
trimethylene carbonate) (PGA/PTMC) , polydioxanone (PDS) , 
polycaprolactone(PCL) , polyhydroxybutyrate (PHBT) , 
30 poly(phospazene) , poly (D, L- lactide -co- caprolactone) 
(PLA/PCL) , poly (glycolide-co-caprolactone) (PGA/PCL) , 
poly (phosphase ester) and polyanhydrides . Other 
materials suitable for mixing with growth factors 
include hydrogels, polyethylene oxide and its 
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copolymers , polyvinylpyrolidone , polyacrylates , 
polyesters, gelatins, collagens, proteins, sodium 
alginate, karaya gum, guar gum, agar, algin, 
carrageenans , pectins, xanthan, starch based gums, 
5 hydroxyalkyl and ethyl ethers of cellulose, sodium 
carboxymethyl cellulose, polyvinyl alcohol, and 
hydrophilic polyurethanes . In any case, once deployed, 
a suitable adhesive is preferably injected beneath patch 
- 96 (between patch 96 and the biological tissues 
10 thereunder) to connect patch 96 to the biological tissue 
thereunder so that it covers channel 93 and thus forms 
the above-described conduit. 

Suitable adhesives are preferably bioadhesives 
such as fibrin glues commercially available under the 
15 tradenames Tisseel or Tissucol from Immuno, Ag of 
Vienna, Austria; cyanoacrylates commercially available 
under the tradenames Histoacryl, Bucrylate, or Hexacryl; 
or Gelatin-Rocorcinol, formaldehyde, or mussel adhesive 
protein. 

20 A variety of other adhesives are suitable for 

the present invention, both for adhering a patch over a 
heart wound, and for retaining angiogenic material 
within a wound. One adhesive is a hydrogel composed of 
gelatin and poly (L-glutamic acid) (PLGA) . The hydrogel 
25 is formed by chemically cross linking gelatin and 
poly (L-glutamic acid) - Another adhesive is fibrin glue. 
One suitable fibrin glue includes fibrinogen, thrombin, 
calcium chloride and factor VIII. Another family of 
adhesives is cyanoacrylates. Preferred cyanoacrylates 
30 include butyl -2 -cyanoacrylate) Histoacryl) , ethyl-2- 
cyanoacrylate, and octyl -2 -cyanoacrylate . Gelatin- 
resorcinol formaldehydeglutaraldehyde is another 
suitable adhesive. 
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Applicants believe many polymers having 
suitable adhesive properties can also be utilized, 
including without limitation: polyurethanes having 
amino groups, di- and tri- functional diols; polyvinyl 
5 acetates; polyamides; polyvinyl alcohols; polystyrenes; 
polylactides ; polyactones; block co-polymers including 
polyesters, polyamides, and polyurethanes; and 
combinations and mixtures thereof. 

FIG. 6 also illustrates that cutting device 84 
10 has been removed from the vasculature through guide 
catheter 82. Drug delivery device 98 has been advanced 
through guide catheter 82, and into the conduit formed 
by channel 93. Drug delivery device 98 is preferably 
any suitable known drug delivery device, such as a 
15 microcatheter, a perforated balloon delivery device, or 
any other suitable device. In the preferred embodiment, 
drug delivery device 98 is used to deliver a drug to the 
lumen of the conduit formed by channel 93 and patch 9 6 
to enhance endothelial development in the lumen. In one 
20 preferred embodiment, the substance delivered by 
delivery device 98 includes a growth factor which 
enhances the growth of endothelial cells on the walls of 
the lumen. In another preferred embodiment, the 
substance delivered to the lumen with delivery device 98 
25 includes endothelial cells which enhance 
endothelialization in the lumen. 

FIG. 7 is a greatly enlarged sectional view of 
heart 2 0 illustrating vessels 62 and 80 and the heart 
tissue lying therebetween. The cross-hatched portion 
3 0 shown in FIG. 7 is the heart tissue which is removed to 
form channel 93 . 

FIG. 8 illustrates the cross section shown in 
FIG. 7, with cutting or debulking device 84 having 
exited vessel 62 and advancing towards vessel 80 through 
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the heart tissue. FIG. 8 illustrates that cutting head 
90 forms open channel 93 by removing heart tissue from 
the surface of heart 20. FIG. 8 also illustrates the 
preferred embodiment in which the heart tissue pieces 
5 are aspirated through catheter 88, or another suitable 
aspiration device. 

Vascular, tissue is formed of a plurality of 
layers including the internal elastic lamina (IEL) , the 
-media, the adventicia, and myocardium. Heart tissue is 
10 formed of a plurality of layers including epicardium, 
myocardium and endocardium. In the preferred 

embodiment, channel 93 is formed by removing a portion 
of the layers. However, it should be noted that channel 
93 can be formed by removing only one or more of the 
15 layers of heart tissue. 

FIG. 9 illustrates channel 93 after being 
covered by patch 96. In the preferred embodiment, patch 
96 is deployed over channel 93, so that a conduit 100 is 
formed by the floor and sides of channel 93, and by 
20 patch 96. A suitable adhesive 102 is injected about the 
entire periphery of patch 96 between patch 96 and 
biological tissue thereunder (such as the tissue of 
heart 20) . Adhesive 102 preferably acts to hold patch 
96 closely adjacent channel 93 to substantially confine 
25 blood flow to the region between channel 93 and patch 
96. 

FIGS. 10A-10I illustrate a system 110 for 
deploying a patch 126, similar to patch 96. In the 
preferred embodiment, deployment system 110 includes 
30 containment sheath, or catheter 112, inner delivery 
sheath 114 (which includes a proximal section 116 and a 
distal, delivery end 118) , deployment control shaft 120 
(which includes a proximal deployment member 122 which 
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is attached to control shaft 120) , distal positioning 
end 124, and rolled patch 126. 

In the preferred embodiment deployment control 
shaft 120 and proximal deployment member 122 are 
5 connected to one another, and are movable within sheath 
114. Distal positioning segment 124 is formed suitably 
to position the distal end of control shaft 120 at a 
desired location in the body. Sheath 114 is movable 
within catheter 112, and has rolled patch 126 located in 
10 a distal end 118 thereof. 

FIG. 10B is a cross-sectional view taken along 
section lines 10B-10B of FIG. 10A. FIG. 10B shows that, 
in one preferred embodiment, patch 126 is attached to, 
and rolled about or coiled about deployment control 
15 shaft 120 within catheters 112 and 114. FIG. 10C 
illustrates a second preferred embodiment, in which 
patch 126 is simply formed into a resilient C-shape 
within catheters 112 and 114. In the embodiment shown 
in FIG. 10C, patch 12 6 can optionally be connected to 
20 deployment control shaft 120, or can simply be 
independently coiled within shaft 114, 

In either of the above embodiments, distal end 
124 of system 110 is advanced to a site in the body in 
which it overlies one or both of vessels 62 and 80, and 
25 adjacent heart tissue. Then, control wire 120, proximal 
positioning member 122 and sheath 114 are advanced out 
of the distal end of catheter 112. Sheath 114 is then 
withdrawn to expose coiled patch 126 . Deployment 
control shaft 120 is then rotated so that coiled patch 
30 126 is unrolled to lie substantially flat on the heart 
tissue. Suitable portions of the entire system 110 are 
then manipulated, if necessary, such that the unrolled 
patch 126 is in the desired location. Finally, the 
connection between deployment control shaft 120 and coil 



WO 98/57590 



PCT/US98/12051 



-16- 

patch 126 is severed and the patch is suitably located 
such that it covers channel 93 and the adjacent heart 
tissue. 

In the embodiment shown in FIG. 10C f where 
5 patch 126 is not coupled to deployment control shaft 
120, sheath 114 is simply withdrawn from the outer 
periphery of patch 126, and patch 126 is biased to 
deploying outwardly in a flat position adjacent the 
-heart tissue. 

10 in another preferred embodiment, rotation of 

shaft 120 is not necessary for deployment of patch 126. 
Instead, patch 126 is formed with nitinol wires or ribs 
therein which are biased to a flat position. ' Being 
coiled or curved within shaft 114 as shown in FIGS . 10B 
15 and IOC, the patch 126 exerts a spring force on the 
inside of sheath 114. When sheath 114 is withdrawn from 
patch 126, the spring force in patch 126 causes it to 
flatten out and lie over the desired heart tissue. 

As discussed in greater detail with respect to 
20 FIG. 101, the nitinol wires are preferably embedded in 
the outer edges of patch 126. In one preferred 
embodiment, the shape memory properties of nitinol are 
used, and they are activated at body temperatures such 
that, as patch 126 warms, it assumes its predetermined 
25 shape memory position, in another preferred embodiment, 
the super elastic properties of nitinol are used to 
cause patch 126 to assume the desired position. 

Deployment of patch 126 is illustrated in 
greater detail, in accordance with one embodiment of the 
30 present invention, in FIGS. 10D-10F. FIG. 10D 
illustrates that channel 93 has already been formed in 
the heart tissue between vessels 62 and 80. FIG. 10D 
also illustrates that catheter 112 has been advanced to 
a position in which it overlies vessel 80 and a portion 
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of the heart tissue distal of vessel 80. FIG. 10D also 
illustrates that internal sheath 114 has been advanced 
from within catheter 112 by a length. FIG. 10D further 
illustrates that a portion of coiled patch 126 has also 
5 been advanced out through the distal end 118 of sheath 
114 (or sheath 114 has been withdrawn to expose a 
portion of patch 126) . 

FIG. 10E illustrates that internal sheath 114 
has been withdrawn to expose substantially the entire 
10 outer periphery of coiled patch 126. In one preferred 
embodiment, upon exposure to body temperature, coiled 
patch 126 uncoils and expands in a substantially flat 
configuration above channel 93 between vessels 62 and 
80. In another preferred embodiment, deployment control 
15 shaft 120 is rotated to unroll or uncoil coiled shaft 
126. In either embodiment, patch 126 eventually resides 
in a substantially flat configuration which overlies 
channel 93 . 

Then, deployment control shaft 120 is 
20 preferably manipulated (as shown better in FIG. 10F) to 
cause a distal end 128 of patch 126 to be withdrawn to 
a position such that it covers channel 93 and vessel 62. 
Patch 126 'is then secured to the heart tissue and the 
connection between shaft 120 and patch 126 is severed. 
25 Of course, the connection between shaft 120 and patch 
126 can be severed prior to connecting patch 126 to the 
heart tissue, whichever is preferred by the particular 
user. 

In order to sever the attachment between shaft 
30 120 and patch 126, any suitable severing system can be 
used. Such severing systems include the mechanical 
actuation of a suitable release mechanism, cutting the 
attachment with a separate or integrated blade, or using 
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RF energy to burn the attachments to thereby sever shaft 
120 from patch 126. 

Patch 126 can be suitably attached to the 
surface of the heart using adhesives which are activated 
5 upon contact with the heart surface. Some such 
adhesives include moisture activated adhesives. 
Alternatively, patch 126 can be attached to the heart 
tissue with cyanoacrylate applied to the surface of the 
_heart tissue just prior to deployment of patch 126 
10 thereon. Such application of cyanoacrylate, or another 
suitable adhesive, can be accomplished through a 
delivery catheter, or another suitable device. 

in yet another alternative, a two-part 
adhesive or fixating system can be used. In such a 
15 system, a first component or chemical is applied 
liberally to the heart surface. The second component of 
the fixating system is attached to the patch. In this 
way, when the surface of the patch comes into contact 
with the surface of the heart, a bond is formed. 
Materials such as fibrin based adhesives, or other 
biocompatible adhesive systems can be used in order to 
implement such an embodiment . 

FIGS. 10G and 10H illustrate yet another 
preferred embodiment in deploying patch 126. In FIGS. 
25 10G and 10H, patch 126 is folded or coiled in two 
directions. First, patch 126 is folded or coiled in the 
axial direction as indicated by FIGS. 10B or IOC. In 
addition, patch 126 is folded in the longitudinal 
direction, preferably at one or more fold lines on the 
30 longitudinal ends of patch 126. 

FIG. 10G illustrates patch 126 after initially 
being deployed over channel 93. Patch 126 is shown 
uncoiling or folding outwardly in the first, axial 
direction as generally indicated by arrows 130. 
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position control shaft 120 is used to control the 
position of patch 126, and patch 126 again folds 
outwardly in a second, longitudinal direction, as. 
indicated by FIG. 10H. FIG. 10H shows that 

5 longitudinally extreme flaps 132 and 134 fold outwardly 
generally in the directions indicated by arrows 136 
about fold lines 138. In this way, patch 126 is fully 
deployed over channel 93, and vessels 62 and 80, without 
the need for substantial and cumbersome repositioning of 
L0 patch 126 relative to the vasculature. Again, patch 126 
is attached to the heart tissue in a similar manner as 
described above, and the connection between shaft 120 
and patch 126, if such a connection is used, is severed 
to leave patch 126 in place. 
15 FIG. 101 illustrates one preferred embodiment 

of patch 126. Patch 126 is formed of a suitable 
biocompatible material having a plurality of nitinol 
ribs or wires which are embedded in patch 126, or 
connected thereto. In one preferred embodiment, a 
20 plurality of axially directed nitinol wires 140 are 
disposed at intervals along the longitudinal axis of 
patch 126. In addition, longitudinally directed nitinol 
ribs or wires 142 are also disposed on patch 126. The 
axially directed ribs 140 facilitate the folding outward 
25 or uncoiling of patch 126 in the axial direction, while 
the longitudinally directed ribs or wires 142 facilitate 
the folding outward of the flaps 132 and 134 of patch 
126 along fold lines 13 8. 

FIGS. 10 J and 10K illustrate another aspect of 
30 the preferred embodiment in which patch 126 is used, 
without forming channel 93. FIG. 10 J illustrates coiled 
patch 126 which has been disposed over vessels 62 and 
80. Rather than forming a channel in the heart tissue, 
a cutting device, such as that shown in FIG. 5, is 
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simply used to perforate vessel 62. The cutting device 
is then advanced to vessel 80 and is used to pierce 
vessel 80 as well. Alternatively, vessel 80 can be 
pierced from within. After the apertures are formed in 
5 vessels 62 and 80 , patch 126 is deployed over the 
apertures formed in vessels 62 and 80, and over the 
heart tissue, as described above. 

FIG. 10K illustrates patch 126 in the deployed 
-position. FIG. 10K also illustrates that vessel 80 is 
10 the occluded vessel, and patch 126 is placed over the 
apertures in vessels 62 and 80. One preferred 
connection pattern is also illustrated in FIG. 10K. The 
dashed lines in FIG. 10K illustrate, for example, the 
application area of adhesive, or the connection area 
15 between patch 126 and the heart tissue and vessels 62 
and 80. In the preferred embodiment, patch 126 is 
connected to the heart in any or : all areas, other than 
an inner boundary illustrated by dashed line 144. In 
this way, adhesive can be applied to the remainder of 
20 the patch and the heart tissue under that portion of the 
patch, while leaving the patch and the heart tissue 
under the patch in the area bounded by dashed line 144 
free of adhesive. The area under patch 126 in the area 
bounded by dashed line 144 thus forms a conduit between 
25 the aperture in vessels 62 and the aperture in vessel 
80, By simply not connecting patch 126 in this area, 
blood flow can be conducted between vessels 62 and 80 
through that conduit. This saves the time and 
manipulation required to form channel 93. 
30 FIG. 11 illustrates a plurality of different 

embodiments in accordance with the present invention. 
FIG. 11 illustrates channel 93 which has been described 
above. However, it should also be noted that additional 
channels can be formed between additional points of the 
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vasculature and branch 80 distal of restriction 74. For 
instance, FIG. 11 illustrates channel 102 which has been 
formed with both apertures in branch 80. In another 
words, the cutting device was advanced all way down into 
5 branch 80 and then was used to cut an aperture in the 
wall of branch 80 and simply form a channel around 
restriction 74 and rejoin branch 80 distal of 
restriction 74. 

FIG. 11 also illustrates two other embodiments 
10 in which channels 104 or 106 are formed. Channel 104 is 
formed between the region of vessel 80 distal of 
occlusion 74 and a completely different supply vessel, 
such as a branch of right main coronary artery 66. In 
that preferred embodiment, blood flow through artery 66 
15 is preferably temporarily occluded while the aperture is 
formed in the branch of artery 66 and while the channel 
104 is formed. 

Similarly, channel 106 is shown in FIG. 11 
extending between the region of branch 80 distal of 
20 restriction 74, and another supply vessel which is 
another branching vessel, branching off of artery 62. 

In all of the above instances, where the 
supply vessel is either a neighboring vessel or the 
restricted vessel itself, patch 96 is appropriately 
25 placed above the respective channel to form the 
necessary conduit between the supply vessel and the 
region of branch 80 distal of restriction 74. 

It should also be noted that the present 
invention has been described with respect to stopping 
30 blood flow through the relevant vessels using occlusion 
balloons. Occlusion balloons have a fairly low instance 
of emboli formation, and therefore have a fairly low 
instance of neurological problems which result from 
formation of emboli. However, other systems can be 
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employed for temporarily occluding blood flow through 
the vessels, or for temporarily stopping blood flow 
through the relevant vasculature, through any other 
suitable means. 
5 Although the present invention has been 

described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
_the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A method of bypassing a restriction in a 

restricted vessel, the restricted vessel lying closely 
proximate heart tissue, the method comprising: 

forming an aperture in a supply vessel 

suitable for providing a blood supply; 
forming an aperture in the restricted vessel 
distal of the restriction in the 
restricted vessel; 
removing heart tissue from the surface of the 
heart to form a channel in the heart 
tissue between the aperture in the 
supply vessel and the aperture in the 
restricted vessel distal of the 
restriction; and 
covering the channel to form a conduit to 
conduct blood from the supply vessel to 
the restricted vessel distal of the 
restriction. 

2 . The method of claim 1 wherein forming an 
aperture in a supply vessel, comprises: 

forming the aperture in a region of the 
restricted vessel proximal of the 
restriction. 

3. The method of claim 1 wherein the supply 
vessel comprises a neighboring vessel residing proximate 
the restricted vessel and wherein forming an aperture in 
a supply vessel, comprises: 

forming an aperture in the neighboring vessel 
proximate the restricted vessel. 
4 . The method of claim 3 wherein the neighboring 

vessel comprises a parent vessel of the restricted 
vessel, and wherein forming an aperture in the 
neighboring vessel, comprises: 



WO 98/57590 



PCT/US98/12051 



-24- 

forming an aperture in the parent vessel 
proximate the restricted vessel. 

5. The method of claim 3 wherein the neighboring 
vessel comprises a branching vessel branching from a 
region of the restricted vessel proximal of the 
restriction, and wherein forming an aperture in the 
neighboring vessel, comprises: 

forming an aperture in the branching vessel 
proximate the restricted vessel. 

6. The method of claim 1 wherein covering the 
channel comprises : 

applying a patch over the channel . 

7. The method of claim 6 wherein applying a patch 
comprises : 

adhering the patch to heart tissue proximate 
the channel . 

8. The method of claim 1 and further comprising: 
delivering a substance to the channel to 

enhance endothelialization of the heart 
tissue. 

9. The method of claim 8 wherein delivering a 
substance comprises : 

accessing the channel with a catheter; and 
injecting, through the catheter, the 
substance . 

10. The method of claim 8 wherein delivering a 
substance comprises : 

delivering endothelial cells to the channel. 

11. The method of claim 8 wherein delivering a 
substance comprises: 

delivering a growth factor to the channel. 

12 . The method of claim 6 wherein applying a patch 
comprises : 
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delivering the patch, intravascularly , in a 

first configuration; 
deploying the patch into a second 

configuration, larger than the first 

configuration, to cover the channel; and 
connecting the patch to heart tissue to form 

the conduit. 

13. The method of claim 12 wherein deploying the 
patch includes allowing the patch to assume the second 
configuration under the influence of a shape memory 
material . 

14. The method of claim 12 wherein deploying the 
patch includes allowing the patch to assume the second 
configuration under the influence of a superelastic 
material. 

15. The method of claim 12 wherein deploying the 
patch comprises : 

expanding the patch in axial and longitudinal 
directions relative to the first 
configuration . 

16. The method of claim 12 wherein deploying the 
patch comprises: 

unrolling the patch from a coiled 
configuration to an expanded, uncoiled 
configuration. 

17. A method of bypassing a restriction in a 
restricted vessel, the method comprising: 

accessing a region in a supply vessel closely 
proximate heart tissue and suitable for 
providing a blood supply; 

forming an aperture in the supply vessel; 

accessing a region of the restricted vessel 
closely proximate heart tissue and 
distal of the restriction; 
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forming an aperture in the restricted vessel 
distal of the restriction; 

covering an area of the heart tissue between 
the aperture in the supply vessel and 
the aperture in the restricted vessel to 
form a conduit between the supply vessel 
and the restricted vessel distal of the 
restriction. 

- 18. The method of claim 17 and further comprising: 

creating a channel in heart tissue between 
the aperture in the supply vessel and the 
aperture in the restricted vessel. 
19. A method of bypassing a restriction in a 

restricted coronary artery, the method comprising: 

forming an aperture in a supply coronary 
artery proximate the restricted coronary 
artery; 

forming an aperture in the restricted 
coronary artery distal of the 
restriction; 

removing heart tissue from the surface of the 
heart to form a channel in the heart 
tissue between the aperture in the 
supply coronary artery and the aperture 
in the restricted coronary artery distal 
of the restriction; and 

covering the channel to form a conduit to 
conduct blood from the supply coronary 
artery to the restricted coronary artery 
distal of the restriction. 
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